This paper focuses on the application of pre-stack seismic inversion to delineate gas reservoirs for development well targeting of the Muda Field in the Malay Basin.
Introduction
The Muda Field is located in the Malaysia-Thailand Joint Development Area (MTJDA) to the north of the Malay Basin ( Figure 1 ). The reservoir sands are statistically less than 10 meters thick and inter-bedded with coals. Seismically, the reservoir sands are below seismic tuning thickness with strong coal reflection interferences indicated from conventional post-stack seismic data.
A comprehensive workflow based on pre-stack elastic impedance inversion has to be developed to address the aforementioned effects and gain more value from the seismic data. This will support more improved and more accurate reservoir targeting.
Workflow Approach
A comprehensive development well targeting workflow ( Figure 2 ) was established to integrate information from all related disciplines and convert them into an optimized well design. One of the key tasks in this workflow was to select an appropriate seismic attribute for delineating the distribution of reservoir sands in this area.
The methodology of pre-stack elastic impedance inversion was selected to generate effective seismic attributes to visualize thin gas sands, formed in a tidal-shoreface environment with coal interference. The conventional post stack seismic data cannot differentiate between coals and gas sands. This is due to the post seismic amplitudes affected by strong coal reflections masking the sands. Based on rock physics and seismic modeling study, Vp/Vs related seismic attributes (i.e. Poisson's Ratio) are effective in discriminating gas-sands from coal reflections.
Elastic Impedance Inversion, using conditioned pre-stack seismic data as input and using color inversion methodology (Blache-Fraser, 2004) can dramatically enhance seismic resolution and interpretability. AVO technology utilizing the Elastic Impedance Inversion gather as input was adopted to generate elastic seismic attributes. Numerous attribute cubes were generated such as Relative Acoustic Impedance, Relative Shear Impedance and Relative Poisson's Ratio (RPR) etc. The correlation between RPR and water saturation is about 0.65. RPR from Elastic Impedance inversion is potentially the most effective seismic attribute to delineate reservoir distribution in the Muda field (Cheng et al, 2008) .
Study Area
In seismic attribute mapping, strata horizons were generated between key interpreted horizons using stratigraphic layering approach. Attribute maps were extracted based on the strata horizons with an optimum window length from the RPR cube to reveal the gas reservoir distribution.
Based on seismic-to-well ties, an amplitude catalog ( Figure  3 ) was generated to classify amplitude responses at each level for gas sands, water sands and coals. The gas sands with significant Gas Initially In-Place (GIIP) and good seismic anomaly support were classified as primary well targets. Gas sand distribution was defined based on the seismic anomaly maps, reservoir models and gas-water contacts from well logs or pressure correlations.
Conceptual well targeting was conducted by optimizing well paths through stacked gas sand boundaries (Figure 4) . The purpose of the conceptual well targeting is to allocate the majority of wells in the most stacked multiple reservoirs. The number of wells per zone, well spacing, penetration point at strong amplitude anomalies, and depth structure maps were prudently considered in the detailed well targeting ( Figure 5 ).
Conditioned pre-stack seismic gather was applied to confirm the high probability of sand being gas at each target before finalizing the well paths ( Figure 6 ). However, other amplitude attributes from conventional seismic cube were also used to support targeting for reservoirs that could not be detected by the RPR cube.
Result and Conclusion
Based on preliminary well results (Figure 7) , most of the RPR identified reservoir targets were found to be correlatable to gas sands. A very high proportion of the proposed anomalies (87%) correspond to gas sands. The other 13% are related to highly saturated sands, AZIs or shale (Figure 8 ).
The result of applying the development well targeting workflow with effective seismic attribute selection contributes to a significant increase in total GIIP after drilling on one of the Muda wellhead platforms.
The RPR attribute has proved to be a good tool for qualitative interpretation in development well planning. More calibration and fine-tuning using new well data may lead to higher success rates for development well targeting in the future. 
